Background: Obesity is a global health problem. Laparoscopic Adjustable Gastric Banding (LAGB) is a type of bariatric surgery that is effective for weight loss and control of co-morbidities. Long-term results of LAGB in different obesity groups have been widely studied in Western populations but not in a multi-racial Asian population such as in Singapore. This paper aims to compare the outcomes of LAGB and describe its complications in obese Singaporean patients with Body Mass Index (BMI) <40 kg/m 2 vs BMI ≥ 40 kg/m 2 .
Introduction
Obesity is rapidly becoming one of the world's most prevalent public healthcare problems. Obesity rate in Singapore has risen to 10.8% in the 2010 National Health Survey Statistics [1] from 6.9% in its 2004 Survey [2] . In addition, research has shown that Asian patients have a higher proportion of truncal obesity compared to Caucasians, which predisposes obese Singaporeans to various metabolic diseases [3] . Obesity is a major risk factor for diseases such as type 2 diabetes mellitus (T2DM), hypertension (HPT) and coronary heart disease (CAD), thereby increasing the mortality rate [4] . As such, obesity is a major healthcare burden to the country and is set to increase in the years to come. Various modes of bariatric surgeries have been performed in obese patients seeking weight loss. Public hospitals in Singapore performed 154 bariatric surgeries in 2011, up from 66 cases in 2009 [5] . In particular, laparoscopic adjustable gastric banding (LAGB) was amongst the earliest bariatric operations performed in Singapore due to its reversibility and early evidence of efficacy. This method of surgery provides rapid short-term weight loss and significant moderate weight loss up to 10 years, which is more effective than non-surgical alternatives in patients with lower BMIs, as described by Dixon and O 'Brien in their systematic review [6, 7] . Recent studies concluded that weight loss is able to decrease the risk of certain co-morbidities in obese patients. Remission of T2DM in patients following various types of bariatric surgery is well documented. LAGB has also shown similar long-term benefits in numerous Western populations [7] [8] [9] [10] [11] [12] . However, little is known about the effects of LAGB in Asian populations. The aim of this study is to compare the outcomes of LAGB in two groups of obese Singaporean patients with preoperative BMI <40 kg/m 2 and BMI ≥ 40 kg/m 2 over five years and describe the operative complications.
Methods
A retrospective analysis was carried out on 360 patients consisting of 139 males and 221 females who underwent LAGB surgery at two institutions in Singapore from June 2001 and July 2011. Patients were followed up for ten years post-LAGB but only data from five-year follow-up were used for statistical analysis.
Patient Selection
Inclusion criteria for LAGB surgery for this study comprise (1) a previous failed attempt at losing weight using diets or medications, (2) BMI >32.5 kg/m 2 with co-morbidities (with medical co-morbidities/ complications of obesity such as T2DM, HPT and Obstructive Sleep Apnoea (OSA)) or (3) >37.5 kg/m 2 without co-morbidities. Patients are aged between 18 and 65 years old. Surgical risks were explained and informed consent was obtained from all patients. Participants must demonstrate commitment to lifestyle modifications after the surgery. Patients with severe organ dysfunction, psychiatric disorders and substance abuse or eating disorders were excluded from the study. 
Pre-operative preparation
Pre-operative workup including blood tests and radiological investigations were conducted for all patients. In addition, when there were indications, sleep study, ultrasonography of the hepatobiliary system, barium swallow and oesophagogastrodudenoscopy were conducted as well. Patients were counselled for possible laparoscopic cholecystectomy during the operation should there be gallstones discovered on ultrasonography and if the patient was symptomatic. Nutritional assessment and counselling were carried out by dieticians. For patients with fatty liver on ultrasonography, a trial of very low caloric diet (VLCD) was started for 2 weeks. This diet aimed to reduce the size of the liver to facilitate visualisation of the diaphragmatic crura intra-operatively. The care of bariatric patients was coordinated in a multidisciplinary team including a care manager who would follow up and monitor progress of these patients' conditions perioperatively. The involvement of the care manager yielded a positive impact on patients' health [13] . Patients with co-morbidities were referred to the endocrinologist, cardiologist, anaesthesiologist and psychiatrist as required.
Operation technique
Pneumoperitoneum was first created using a 15 mm optical port and a zero degree laparoscope. The laparoscopic procedure is performed with a total of 5 ports. At the epigastric port, a Nathanson retractor is used for liver retraction. Subsequently, the pars flaccid technique is used to create a tunnel behind the upper stomach. Initially, a 46 Fr calibration tube was used to measure a small pouch of stomach above the band. After the initial learning curve, our surgeons were able to estimate the pouch size without calibration. The band was secured with at least 3 non-absorbable anterior gastro-gastric sutures.
Patients had a Gastrografin (Bracco,NJ) contrast study to confirm the adequacy of band placement with no contrast extravasation the following day and was then started on a liquid diet for 2 weeks.
Statistical methods
Statistical analysis was performed using SPSS (version 20.0; SPSS Inc, Chicago, IL). Continuous variables were analysed using independent-samples-t-tests. For multivariate analysis, logistic regression was used to determine confounding factors on weight loss. The criteria for statistical significance was p <0.05.
Results
Between June 2001 and July 2011, 360 patients underwent LAGB at two institutions in Singapore. Based on the preoperative BMI, patients were divided into two groups: (1) Group A consisting of patients in WHO Obesity Obesity Class I (BMI 30-34.9 kg/m 2 ) and II (BMI 35-39.9 kg/m 2 ) and (2) Group B consisting of patients in WHO Obesity Class III (BMI ≥ 40 kg/m 2 ) [14] . BMI of 40 kg/m 2 was chosen as the cut-off as it is the lower limit of morbid obesity. Percentage weight loss (%WL) and percentage excess weight loss (%EWL) were calculated using standard methods for both groups. The baseline demographics of both groups are mentioned in (Table 1) Post-operative outcomes of Groups A and B are shown in (Table 2 ). There was a significant difference in %EWL between the two groups at one year follow-up (p value=0.01), demonstrating that patients in Group A experienced significantly greater %EWL compared to patients in Group B. Otherwise, there was no other statistical significance between the two groups in %EWL for subsequent followup years and in %WL across all 5 years. Additionally, %WL of both groups was trended in (Figure 1 ), which demonstrated a common trend of %WL peaking at 3 to 4 year follow-up and tapering off afterwards.
Follow-up
Number of patients on follow up (%) %WL (%) %EWL (%) Multivariate analysis was performed on relevant baseline demographics and there were no significant independent factors found to affect the %EWL between the 2 groups (p value>0.1)
Complications
A total of 90 patients (25%) developed complications during the study, for which the details are shown in (Table 3) . Most of the complications were minor band and port-related issues. It also included seven mortalities on follow-up, out of which two were bandrelated. The remaining mortalities were unrelated to the insertion of the band. During the laparoscopic surgery, seven of the surgeries had to be converted into open surgery due to bleeding that obscured the surgeon's vision.
As a result of complications, 23 patients (6.39%) underwent either band or port replacement, while 56 patients (15.6%) had to have removal of the gastric band. Six other patients requested for band removal without facing any complications. During the follow-up period, three patients converted to gastric bypass surgery while eight converted to sleeve gastrectomy. It must be noted that each patient may encounter more than one complication during the study.
There were two band-related deaths in this cohort. One patient had severe aspiration after surgery and despite maximal care in the intensive care unit, the patient passed away after two days. The other mortality was after the patient developed early band erosion within a few days of the insertion of the band. The patient developed septic shock due to a leak and multiple upper abdominal abscesses. The patient was resuscitated and the abscesses drained but the patient passed away despite maximal medical management. 
Discussion
In this descriptive study of 360 patients who underwent LAGB surgery in Singapore, the median %EWL was 52.6% in Group A and 34.9% in Group B at five years follow up. These findings mirror the results of Alhamdani, et al. [15] where the median %EWL was 40% at ≥ five years post operation in cohort of 575 patients. In addition, regardless of preoperative BMI, we noted a common trend in both groups that %WL was the highest at 3 to 4 year post-LAGB. However, O'Brien, et al. explored the benefits of LAGB over a longer period [16] and demonstrated 47.1% EWL at 15 years, suggesting that weight loss from LAGB surgery may be maintained in the long term.
We reported a statistically significant difference between %EWL of Group A (30.0%) and Group B (20.8%) at one year follow-up (p=0.01) as well. It is also worth noting that during the three and five year follow-up, the results approached clinical significance (p=0.07). Consistent with these observations was a study by Xing, et al. [17] which reported that patients with lower BMI (<35 kg/m 2 ) experienced a greater mean %EWL (50%) compared to patients with higher BMI (≥ 35 kg/m 2 ) (%EWL 25%) within a 5 year follow-up period. As such, our study highlighted that LAGB benefits patients of lower BMI more than patients of higher BMI.
In our study, a total of 90 patients (25%) developed complications post-operatively. This supports existing data that LAGB is associated with a high complication rate. Various studies revealed that 20-50% of study population post-LAGB eventually experienced complications [18] [19] [20] . The most common complications encountered within our study were band-related (14.2%), which was similar to the study by Wang, et al. where 24.6% of patients developed band-associated complications [21] . These are often late complications that warrant surgical intervention. The rate of major complication, defined in this study by Suter, et al. as requiring band-removal, increases 3-4% each year, resulting in higher total failure rates and increased need for revision surgery. This may contribute to poor long-term outcomes of LAGB even though it is a minimally invasive procedure [22] .
Comparisons have been made to other modes of bariatric surgery such as Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG). One study suggests that these three bariatric surgeries provide similar weight-loss and safety profiles over 18 months but better remission of diabetes, hypertension and dyslipidemia was obtained with RYGB [23] . However, other studies at 2 years follow-up show that LAGB demonstrated poorer weight loss compared to RYGB and SG [24, 25] . Moreover, LAGB has significantly higher complication rate than RYGB [26] and thereby, potentially making it a less popular choice amongst surgeons and patients nowadays. Our study echoed similar findings that LAGB is effective in achieving weight loss in the short term, but has a high rate of complications resulting in band removal subsequently.
To assess for the complications of the band, upper gastrointestinal tract imaging such as dilute barium swallow is performed to diagnose a pouch dilatation or band slippage [27] . A gastroscopy is necessary to pick up band erosion, another commonly seen complication.
In our study, 66 patients (18.3%) underwent band removal either due to band-related complications or personal preference without any complications. Where possible, in lieu of band removal, band revision with insertion of a new band can be considered. One study on outcomes of revision LAGB shows that revision LAGB is reasonably well-tolerated by most patients [28] . Out of 183 consecutive revision LAGB procedures performed in 163 patients, patients experienced 51.52% EWL and overall complication rate of 13.7%. Hence, instead of band removal, band revision can be a viable option for patients with band-related complications.
Where band removal is inevitable, patients in our study underwent the excision of band, followed by band replacement or conversion to sleeve gastrectomy. The outcomes of revision LAGB have been explored in a study showing that patients were able to maintain weight loss achieved from the primary banding, even after the revision surgery [28] . In another study, revision LAGB was well-tolerated as evident in low mortality rate of 0.8% and morbidity rate of 4.6% [29] .
The same study applied a structured reoperation algorithm to maximise the efficacy of LAGB in the long term, which is one possible solution to tackle band-related complications.
We acknowledge that our study has several limitations. Firstly, it is a retrospective study and not a prospective trial designed to compare the differences in outcomes of LAGB between BMI<40 kg/m 2 and ≥ 40kg/m 2 . This may introduce unknown biases to this study which may result in spurious conclusions. Hence the results should be applied in the appropriate clinical context Secondly, although our data was collected over 10 years, the follow-up rate beyond 5 years post-LAGB was marginal. Hence, there is insufficient data at 10-years follow up to be included in this study to make any conclusions with regard to the 
Conclusion
In conclusion, LAGB is an effective bariatric surgical option for weight loss in obese Singaporean patients over a short-term but it is more beneficial in patients with lower BMI (Group A with BMI<40 kg/m 2 ) with in the first year.
